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(54) Illumination for use in electronic component mounting apparatus 

(57) An illuminator (51) includes: a first cylindrical 
member (52) with a mirror-like inner surface formed to 
facilitate light reflection; aflat plate member (53) having 
an aperture in its center; LEDs (54) with trimmed distal 
ends and arranged in a circle along the periphery of the 
aperture; LEDs (55) with trimmed distal ends and 
arranged in a circle along a circumferential direction of 
the first cylindrical member (52) so as to be located on 
a lengthwise middle part of the inner surface of the 
cylindrical member; a second cylindrical member hav- 
ing an engagement portion engaged with the cylindrical 
member (52); LEDs (57) with trimmed distal ends and 
arranged in a circle along a circumferential direction of 
the engagement portion; and a ring-shaped semitrans- 
parent diffusion plate (58). The illuminators (51) illumi- 
nate a to-be-mounted component with light having a 
directivity. 
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Description 

[0001] The present invention relates to an illumina- 
tor, which radiates light onto a to-be-mounted compo- 
nent conveyed by the head of a component mounting s 
apparatus, in order to detect the posture and position of 
the electronic component, and also relates to the com- 
ponent mounting apparatus with the illuminator. 
[0002] A known component mounting apparatus 
(mounter) has a head which is movable in X-, Y- and Z- 
directions and which holds an electronic component by 
suction and conveys the electronic component to a pre- 
determined mounting position. In this type of mounter, 
however, deviations can occur in the position and pos- 
ture of the electronic component. In consideration of 
this, the electronic component held by the head is pho- 
tographed with a camera in order to recognize the posi- 
tion and posture of the electronic component and the 
operation of the head is controlled and corrected to 
mount the electronic component in its predetermined 
position. 

[0003] Conventional mounters adopt various ideas 
for enabling the camera to photograph the electronic 
component with improved precision. Some mounters 
employ an illuminator to illuminate the electronic com- 
ponent held by the head with light. 
[0004] A conventional illuminator is square in cross 
section and includes a case 520 having inner surfaces 
on which light sources 540 and light reflectors 580 are 
arranged as illustrated in FIGS. 14A and 14B, for exam- 
ple. A to-be-mounted electronic component 1 located 
above the illuminator is illuminated with light emitted 
from the light sources 540. 

[0005] According to the above illuminator, however, 
when illuminating an electronic component having bur- 
nished leads 1b with light as illustrated in FIG. 15, the 
light radiated onto the leads 1b is reflected in a direction 
different from that of a camera 650, under which condi- 
tion the leads 1 b of the electronic component do not uni- 
formly glisten in white, entailing the possibility that any 
curved portions of the leads 1b may be photographed 
partially black. 

[0006] The present invention has been made in 
consideration of the above-described circumstances, 
and an object thereof is to provide an illuminator which 
can appropriately illuminate a to-be-mounted compo- 
nent with light, and a component mounting apparatus 
having such illuminators. 

[0007] Another object of the present invention is to 
provide an illuminator which can improve the accuracy 
of recognition of the position and posture of a to-be- 
mounted component and a component mounting appa- 
ratus having such illuminators. 

[0008] According to the first aspect of the present 
invention, there is provided an illuminator for illuminat- 
ing a to-be-mounted component with light comprising: 

light sources; and 



a reflector including a cylindrical member with a 
mirror-like inner surface by which light emitted from ♦ 
the light sources is reflected and radiated onto the 
to-be-mounted component. 

[0009] According to the illuminator of the present 
invention, the light incident from the light source is 
reflected by the inner surface of the cylindrical member 
and radiated onto the to-be-mounted component with 
an intensity same as that of the incident light. Therefore, 
an image of the to-be-mounted component and back- 
ground thereof with a high contrast can be obtained. 
Thus, the posture and position of the to-be-mounted 
components can be recognized with a high precious. 
15 Further, images of the parts of the to-be-mounted com- 
ponent, for example, images of electrodes are clear and 
precise. Thus, the presence or absence of any dam- 
aged/broken part of the electrode, for example, can be 
easily detected. 
20 [0010] It is desirable that the inner surface of the 
cylindrical member may reflect the light emitted from the 
light sources and radiate light having a directivity, onto 
the to-be^mounted component. 
[001 1 ] if directivity of the light is too high, the to-be- 
25 mounted component can not be illuminated preferably. 
On the other hand, directivity of the light is too low, the 
contrast of the image is low. According to the this struc- 
ture, the light is reflected by the miller-like inner surface 
of the cylindrical member and radiated on the to-be- 
30 mounted components from many directions with an 
intensity same as that of the incident light. Therefore, 
light having directivity are irradiated on the to-be- 
mounted components without unevenness, resulting in 
an image of the components and background with high 
35 contrast. Thus, the posture and position of the to-be- 
mounted components can be recognized with a high 
precious. To obtain the light having directivity, ratio of 
diameter to length (diameter/length) of the cylindrical 
member is, for example, 3/12 to 10/12, more specif i- 
40 cally, 5/1 2 to 1 0/1 2, and further 7/1 2 to 9/1 2. 

[0012] It is desirable that the cylindrical member 
leads, to the to-be-mounted component the light emitted 
from the light sources, while reflecting the light by the 
inner surface; and the light sources are arranged inside 
45 the cylindrical member and emit light in an inner space 
defined by the cylindrical member. 
[0013] According to this structure, the light having 
directivity is irradiated onto the to-be-mounted compo- 
nents without unevenness. Therefore, an image of the 
so components and background with a high contrast can 
be obtained. 

[0014] It is desirable that the cylindrical member 
has a first end and a second end; and 
the light sources include 

55 

first light sources forming a first light source group 
and arranged at the first end of the cylindrical mem- 
ber which is closer to the to-be-mounted compo- 
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nent than the second end of the cylindrical member, 
second light sources forming a second light source 
group and arranged at the second end of the cylin- 
drical member, and 

third light sources forming a third light source group 5 
and arranged between the first and second ends of 
the cylindrical member. 

[0015] According to this structure, the light rays 
radiated at different angles from the first to third light w 
sources are radiated onto the to-be-mounted compo- 
nents without unevenness with directivity by reflected 
on the inner surface of the cylindrical member. There- 
fore, an image of the to-be-mounted components and 
background can be obtained. Thus, the posture and is 
position of the to-be-mounted components can be rec- 
ognized with a high precious. 

[0016] The cylindrical member is circular in cross 
section, for example. In this case, for example, the first 
second and third light sources are arranged in a circum- 20 
ferential direction of the cylindrical member. 
[0017] According to this structure, the light rays 
emitted from the first, second and third light sources are 
radiated onto the to-be-mounted components at various 
angles throughout the whole circumference thereof. 25 
Therefore, the light is irradiated onto the to-be-mounted 
components without unevenness, and the form and 
position of the to-be-mounted components can be rec- 
ognized with a high precious. 

[0018] The cylindrical member covers, for example, 30 
parts of the first light sources which face the second end 
of the cylindrical member, in order to prevent light from 
being emitted toward the second end of the cylindrical 
member from the first light sources. 

[001 9] According to this structure, the light rays are 35 
prevented from being radiated toward the second end 
from the first light sources and from being unnecessarily 
radiated onto the components. Thus, in a case where 
the to-be-mounted components are, for example, BGA 
type semiconductor chips, the presence or absence of 40 
damagedVbroken part in their ball-shaped surface can 
be easily detected, because the ball-shaped surfaces 
are glistening annularly (in a doughnut shape). 
[0020] The cylindrical member has a bottom which 
covers at least a part of an opening at the second end of 45 
the cylindrical member, and the second light sources 
are arranged on the bottom. 

[0021] A diffusion member in a form of a flat plate, 
which diffuses light emitted from the second light 
sources, is arranged almost perpendicular to an axis of so 
the second cylindrical member and between the first 
light source group comprising the second light sources 
and the third light source group comprising the third light 
sources. 

[0022] According to this structure, the light rays 55 
radiated from the third light sources arranged on the 
bottom are diffused by the diffusion member so as to be 
radiated onto the to-be-mounted components. There- 



fore, in a case where the light rays having strong bright- 
ness are radiated onto the to-be-mounted components, 
the light rays are emitted to a light-outgoing portion 
thereof, and thus the form and the posture of the to-be- 
mounted components are recognized with a high pre- 
cious. 

[0023] The first light sources may be detachably 
attached to the reflection member. According to this 
structure, the first light sources may be attached to or 
removed from the reflection member in accordance with 
the shape or material of the to-be-mounted component, 
so that the amount or angle of lights to be irradiated 
onto the to-be-mounted component is adjustable. 
[0024] At least one of the first, second and third light 
source group may comprise a plurality of LEDs having 
distal ends trimmed to diffuse the illumination lights. 
According to this structure, since the LEDs have the 
trimmed distal ends, the illumination lights will be dif- 
fused. Thus, the light source can irradiate the lights onto 
the to-be-mounted compbrient without unevenness. 
[0025] In order to accomplish the above object, a 
component mounting apparatus according to a second 
aspect of the present invention comprises a head and 
illuminators, and which causes the head to suck up and 
hold a to-be-mounted component, causes the illumina- 
tors to illuminate the to-be-mounted component with 
light detects a posture and position of the to-be- 
mounted component controls the head in accordance 
with the detected posture and position of the to-be- 
mounted component, and mounts the to-be-mounted 
component held by the head in a predetermined posi- 
tion, each of the illuminators comprises: 

light sources; and 

a reflector including a cylindrical member with a 
mirror-like inner surface by which light emitted from 
the light sources is reflected and radiated having a 
predetermined directivity onto the to-be-mounted 
component. 

[0026] According to the component mounting appa- 
ratus, diffused lights from the first second and third light 
sources each having different incident angle are 
reflected by the reflection member without decreasing 
the strength, and the lights having stronger directivity 
reach the component set near the upper end. There- 
fore, the lights are irradiated onto the to-be-mounted 
component without unevenness, thus, the components 
and the background are highly contrasted. As a result a 
posture and position of the to-be-mounted component 
can be detected with higher accuracy. 
[0027] The light sources comprise first light sources 
arranged in a circle at the upper end of the cylindrical 
member, second light sources arranged in a circle at the 
lower end of the cylindrical member, and third light 
sources arranged in a circle between the upper and 
lower ends of the cylindrical member. 
[0028] According to the component mounting appa- 
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ratus, the first, second and third light sources arranged 
around the to-be-mounted component irradiate lights 
each having different incident angle onto the compo- 
nent. Thus, the lights are irradiated onto the component 
without unevenness. As a result a posture and position 
of the component can be detected with higher accuracy. 
[0029] The cylindrical member may cover parts of 
the first light sources which face the lower end of the 
cylindrical member, in order to prevent from being emit- 
ted toward the lower end of the cylindrical member from 
the first light sources. 

[0030] This structure prevents the component from 
being irradiated by extra lights. That is, the lights irradi- 
ated toward the lower end of the cylindrical member 
from the first light sources are prevented from being 
reflected by the other end. Therefore, even if the to-be- 
mounted component is, for example, a BGA type semi- 
conductor chip, damages or failures on a bail can be 
easily detected because the surface of the ball is illumi- 
nated circular. 

[0031 ] At least one of the first, second and third light 
source group may comprise a plurality of LEDs having 
distal ends trimmed to diffuse the illumination lights. 
According to this structure, since the LEDs have the 
trimmed distal ends, the illumination lights will be dif- 
fused. Thus, the light source can irradiate the lights onto 
the to-be-mounted component without unevenness. 
[0032] A nozzle of the head may comprise, for 
example, a conic reflector which reflect lights, which are 
irradiated onto the nozzle by the illuminator, so that the 
direction of the reflected lights differs from the direction 
from the illuminator to the nozzle. 
[0033] According to the third aspect of the present 
invention, there is provided a plurality of illuminators, 
used in a component mounting apparatus comprising a 
head which sucks up and holds a to-be-mounted com- 
ponent, for illuminating the to-be-mounted component 
held by the head with light, each of the plurality of illumi- 
nators comprising: 

a cylindrical member with a mirror-like inner surface 
formed to facilitate light reflection and by which light 
is reflected and radiated having a directivity onto 
the to-be-mounted component; 
a flat plate member having an aperture formed in a 
center thereof and covering a periphery of an open- 
ing at one end of the cylindrical member; 
LEDs arranged in a circle along the periphery of the 
opening; 

a ring-shaped semitransparent diffusion plate 
which diffuses light emitted from the LEDs; 
LEDs arranged in a circle along a circumferential 
direction of the cylindrical member so as to be 
located on a lengthwise middle part of the inner sur- 
face of the cylindrical member, 
an engagement portion engaged with the cylindri- 
cal member, and 

LEDs arranged in a circle along a circumferential 



direction of the engagement portion and having dis- 
tal ends trimmed substantially coplanar with the 
inner surface of the cylindrical member. 

s [0034] According to the fourth aspect of the present 
invention, there is provided an illuminating method for 
illuminating a to-be-mounted component, sucked up 
and held by a head of a component mounting appara- 
tus, with light emitted from illuminators, in order to rec- 

10 ognize a posture and position of the to-be-mounted 
component through use of a camera, the method com- 
prising the steps of: 

reflecting light emitted from at least one light source 
is by a mirror-like inner surface of a cylindrical mem- 
ber, and 

radiating the light reflected having a directivity by 
the inner surface of the cylindrical member, onto the 
to-be-mounted component. 

20 

[0035] The cylindrical member leads, to the to-be- 
mounted component, the light emitted from the at least 
one light source, while reflecting the light by the inner 
surface of the cylindrical member, and 

25 the at least one light source is arranged inside 

the cylindrical member and emits light in an inner space 
defined by the cylindrical member. 
[0036] These objects and other objects of the 
present invention, as well as the advantages of the 

30 present invention, will become more apparent upon 
reading of the following detailed description and the 
accompanying drawings in which: 

FIG. 1A is a perspective view of a component 
35 mounting apparatus according to an embodiment of 
the present invention; 

FIG. 1 B is a plan view of the component mounting 

apparatus illustrated in FIG. 1 A; 

FIG. 2 is a partial sectional view of a work tower 

40 which the component mounting apparatus illus- 
trated in FIGS. 1A and 1B comprises; 
FIG. 3A is a plan view of a component recognition 
unit which the component mounting apparatus illus- 
trated in FIGS. 1 A and 1 B comprises; 

45 FIG. 3B is a partial sectional view of the component 
recognition unit which the component mounting 
apparatus illustrated in FIGS. 1A and 1B com- 
prises; 

FIG. 4 is a perspective view of illuminators which 
so the component recognition unit illustrated in FIGS. 
3A and 3B comprises; 

FIG. 5A is a plan view of one of the illuminators 
which the component recognition unit illustrated in 
FIGS. 3A and 3B comprises; 
55 FIG. 5B is a sectional view of one of the illuminators 
which the component recognition unit illustrated in 
FIGS. 3A and 3B comprises; 
FIGS. 6A and 6B are side and plain views of a noz- 
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zle, respectively; 

FIG. 7 is a block diagram showing the circuit struc- 
ture of the component mounting apparatus illus- 
trated in FIGS. 1Aand 1B; 

FIG. 8 is a sectional view of the component recog- 5 
nition unit in the state wherein a BGA type semicon- 
ductor chip is arranged above the component 
recognition unit; 

FIG. 9 is a sectional view of the component recog- 
nition unit while light is being radiated onto the BGA 10 
type semiconductor chip; 

FIG. 10 is a diagram exemplifying a photographed 
image of the BGA type semiconductor chip; 
FIG. 1 1 is a sectional view of the component recog- 
nition unit while light is being radiated onto a semi- is 
conductor chip with solder plated leads; 
FIG. 12 is a diagram exemplifying a photographed 
image of the semiconductor chip with the solder 
plated leads while light is being radiated onto the 
semiconductor chip; 20 
FIG. 1 3 is a sectional view of the component recog- 
nition unit while light is being radiated onto the sem- 
iconductor chip with the solder plated leads; 
FIG. 14A is a partial perspective view of a conven- 
tional illuminator, and 25 
FIG. 14B is a sectional view of the conventional illu- 
minator, and 

FIG. 15 is a diagram exemplifying a conventional 
photographed image of the semiconductor chip 
with the solder plated leads while light is being radi- 30 
ated onto the semiconductor chip. 

[0037] An embodiment of the present invention will 
now be described with reference to the accompanying 
drawings. 35 
[0038] As illustrated in FIGS. 1A and 1B, a compo- 
nent mounting apparatus according to an embodiment 
of the present invention has a conveyor 10, a supporting 
member 20 which supports a substrate on which com- 
ponents are to be mounted, tables 30a and 30b on 40 
which a cassette 3 is placed, a work tower 40 which 
mounts the components in their target positions, a parts 
recognition unit 50 which recognizes the postures and 
positions of the components to be mounted, an X-axial 
section 70 and a Y-axial section 80 which move the work 45 
tower 40 in X- and Y-axial directions, respectively. 
[0039] The conveyor 10, having a pair of conveyor 
belts and guide rails for guiding the substrate, conveys 
the substrate in the direction shown by arrow YA. 
[0040] When mounting a to-be-mounted compo- so 
nent on the substrate 2, the supporting member 20 pro- 
vided between the conveyor belts temporarily supports 
the substrate 2, as illustrated in FIG. 1 B. 
[0041] The tables 30a and 30b are plate-shaped, 
and the cassette 3 for the supply of the components to 55 
be mounted is placed on the table 30a or 30b. 
[0042] The X-axial section 70, including a linear 
guide, a ball screw, an X-axial motor 72 (FIG. 6), etc., 



moves the work tower 40 in the X-axial direction. 
[0043] The Y-axial section 80, including a linear 
guide, a bail screw, a Y-axial motor 82 (FIG. 6), etc., 
moves the work tower 40 in the Y-axial direction. 
[0044] As illustrated in FIG. 2, the work tower 40 
has a work head 41 with a nozzle 42 attached thereto 
for sucking up and holding a to-be- mounted component 
a Z-axial motor 43 which moves the work head 41 in a 
Z-axial direction, and a rotational motor 44 which 
rotates the work head 41 within an X-Y plane. The work 
head 41 detachably holds the nozzle 42 and moves in 
X, Y, and Z directions for sucking up and moving a to- 
be-mounted component. Desirably, the work head 41 
has aflat lower surface and is mat finished, for example, 
dull-finished and mat-black-finished, in order to weaken 
the reflected lights. 

[0045] As illustrated in FIGS. 3A and 3B, the com- 
ponent recognition unit 50 includes illuminators 51 
which illuminate the to-be-mounted component held by 
the nozzle 42 with light a cover 59 which encloses the 
illuminators 51 , and a camera 65 which takes in, as an 
image, the posture, position and shape of the to-be- 
mounted component illuminated with the light emitted 
from the illuminators 51 . 

[0046] As illustrated in FIGS. 4, 5A and 5B, each of 
the illuminators 51 has a first cylindrical member 52, a 
flat plate member (bottom) 53 covering a part of one 
end of the first cylindrical member 52, a plurality of light 
emitting diodes (LEDs) 54 arranged in the circumferen- 
tial direction of the bottom 53, a plurality of LEDs 55 pro- 
vided on the inner surface of the first cylindrical member 
52 in the circumferential direction thereof, a second 
cylindrical member 56 detachably engaged with the first 
cylindrical member 52, a plurality of LEDs 57 arranged 
in the circumferential direction of the second cylindrical 
member 56, and a diffusion plate 58 which diffuses light 
emitted from the LEDs 54. 

[0047] The first cylindrical member 52 is almost cir- 
cular in cross section, and its inner surface is a mirror- 
like surface which reflects light radiated from the LEDs 
54, 55 and 57. It is preferred that the "mirror-like" sur- 
face be a surface which has been subjected to a mirror 
treatment. However, the mirror-like surface is not limited 
to such a surface, and the state "mirror-like" described 
herein implies the state of reflecting almost ail incoming 
light rays, diffusing them a little. For example, such a 
surface as can reflect a neighborhood object will suffice 
as the mirror-like surface. In the case of forming the first 
cylindrical member 52 by processing a metal plate 
which is made of aluminum or the like, the metal plate 
needs to have flat surfaces. 

[0048] The first cylindrical member 52 has a cou- 
pling portion 521 which abuts against the LEDs 57 
arranged at the second cylindrical member 56 along the 
outer circumferential surface of the light-outgoing end 
portion of the first cylindrical member 52. 
[0049] The flat plate member 53, covering a part of 
an opening at one end of the first cylindrical member 52, 
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comprises a ring-shaped flat plate member having an 
aperture 53a formed in the center thereof in order to 
guide, to the camera 65, light reflected from the to-be- 
mounted component. 

[0050] The LEDs (second light sources) 54 are 5 
arranged in a circle around the aperture 53a of the flat 
plate member 53, in the state wherein the LEDs 54 are 
separated from the periphery of the aperture 53a by 
such an amount that light emitted from the LEDs 54 
does not directly enter the camera 65. The LEDs 54 10 
have distal ends trimmed (rounded off) so as to emit illu- 
mination light in a diffused state. 
[0051] The LEDs (third light sources) 55 are 
arranged in a circle (within an imaginary plane perpen- 
dicular to the axis of the first cylindrical member 52) 15 
along the circumferential direction of the first cylindrical 
member 52 so as to be located on a lengthwise middle 
part of the inner surface of the first cylindrical member 
52. The LEDs 55 also have distal ends trimmed 
(rounded off) so as to emit illumination light in a diffused 20 
state. 

[0052] The second cylindrical member 56 includes 
an engagement portion 561, shaped in a cylinder 
slightly larger in diameter than the first cylindrical mem- 
ber 52, and the LEDs (first light sources) 57 arranged in 25 
a circle along the circumferential direction of the 
engagement portion 561 . 

[0053] The engagement portion 561 is detachably 
engaged with the outer periphery of the first cylindrical 
member 52. 30 
[0054] The LEDs 57 abut fixedly against the cou- 
pling portion 521 of the first cylindrical member 52. 
Under this condition, the first cylindrical member 52 
engaged with the engagement portion 561 covers those 
parts of the LEDs 57 which face the camera 65, so that 35 
no light is emitted toward the camera 65 from the LEDs 
57. The LEDs 57 have distal ends trimmed so as to emit 
light in a diffused state. 

[0055] The diffusion plate 58, comprising a ring- 
shaped semitransparent flat plate member, diffuses the 40 
light emitted from the LEDs 54. The diffusion plate 58 
has an aperture 58a formed in the center thereof in 
order to guide, to the camera 65, the light reflected from 
the to-be-mounted component. 

[0056] As seen from FIG. 3B, the camera 65 has an 45 
optical axis which is in alignment with an imaginary line 
connecting the to-be-mounted component held by the 
nozzle 42 and the center of the aperture 53a formed in 
the fiat plate member 53, and takes in an image of the 
to-be-mounted component illuminated with the light so 
emitted from the illuminators 51 . 
[0057] As shown in FIGS. 6A and 6B, the nozzle 42 
comprises a cylindrical attachment unit 43 to be 
attached to the pipe 411 in the operation head 41, a 
reflector 44 which reflects lights from the illuminator 51 55 
in the direction which differs from the direction from the 
illuminator 51 to the reflector 44, a component holding 
section 45 which holds a component with a negative 



10 

pressured air from the pipe 411, and an air vent pipe 
42a for the negative pressured air prepared for attract- 
ing the component. 

[0058] The cylindrical attachment unit 43 comprises 
a recessed portion 43a to be latched by the chuck 412, 
and a mortise 43b to be mate with the pipe 41 1 . 
[0059] The reflector 44 which is fixed on the attach- 
ment unit 43 comprises a cylinder section 44a whose 
diameter is larger than that of the attachment unit 43, 
and a cone section 44b. 

[0060] An angle between a cone surface and a ver- 
tical axis is set to 4> which is smaller than 45 degrees so 
as to avoid lights from downward (more precisely, from 
the latter-described illuminator 51 in the component rec- 
ognizer 50) from being reflected downward (more pre- 
cisely, toward the camera 65 in the component 
recognizer 50). The outer surface of the cone section 
44b is mat finished such as dull finish and mat black fin- 
ish, in order to weaken the reflected lights. 
[0061] The component Tidlding section 45 com- 
prises a fixing member 45a and a contact needle 45b. 
[0062] The fixing member 45a is formed similar to 
the reflector 44 but smaller than it, and fixes the compo- 
nent attracting section 45 onto the cone section 44b. 
[0063] The contact needle 45b has cylindrical 
shape but tapered to a contact portion 45c at a tip of the 
contact needle 45b. 

[0064] As illustrated in FIG. 7, the component 
mounting apparatus 100 includes a storage circuit 90 
and a control circuit 95, in addition to the component 
recognition unit 50, which has the illuminators 51 and 
the camera 65, the X-axial motor 72, the Y-axial motor 
82, the Z-axial motor 43 and the rotational motor 44 
mentioned previously. 

[0065] The storage circuit 90 stores data represent- 
ing the correct posture, position and shape of the to-be- 
mounted component held by the nozzle 42, as well as 
an operation program which the control circuit 95 exe- 
cutes to mount on the substrate 2 the component 
arranged at the cassette 3. 

[0066] While controlling the X-axial motor 72, the Y- 
axial motor 82, the Z-axial motor 43 and the rotational 
motor 44 in accordance with the operation program 
stored in the storage circuit 90, the control circuit 95 
causes the nozzle 42 to suck up and hold the compo- 
nent arranged at the cassette 3 placed on the table 30a 
or 30b, and conveys the component held by the nozzle 
42 in order to mount it in the target position on the sub- 
strate 2. 

[0067] Furthermore, the control circuit 95 causes 
the component recognition unit 50 to perform a compo- 
nent recognizing operation which will be described later, 
and corrects the position of the nozzle 42 before mount- 
ing the component in the target position. Moreover, the 
control circuit 95 controls the turning ON and OFF of the 
illuminators 51 and the photographing operation of the 
camera 65, in synchronization with the component 
mounting operation of the component mounting appara- 
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tus100. 

[0068] The operation of the component mounting 
apparatus 100 according to an embodiment of the 
present invention will now be described with reference 
to the drawings. 

[0069] In the case of mounting the to-be-mounted 
component on the substrate 2, the support member 20 
supports the substrate 2 while being conveyed by the 
conveyor 10 in the direction shown by arrow YA. The 
cassette 3 holding the to-be-mounted component or a 
semiconductor chip 1 , is present on the table 30b. 
[0070] When mounting on the substrate 2 the sem- 
iconductor chip 1 arranged at the cassette 3 under the 
above-described circumstances, the control circuit 95 
controls the X-axial motor 72, the Y-axial motor 82 and 
the Z-axial motor 43 in accordance with the operation 
program stored in the storage circuit 90, and positions 
the nozzle 42 above the semiconductor chip 1 . 
[0071] Having positioned the nozzle 42 above the 
semiconductor chip 1 , the control circuit 95 moves the 
nozzle 42 downward while controlling the Z-axial motor 
43, causes the nozzle 42 to suck up and hold the semi- 
conductor chip 1 , and moves the nozzle 42 upward. Fol- 
lowing this, the control circuit 95 controls the nozzle 42 
so that it moves to a location above the component rec- 
ognition unit 50, while holding the semiconductor chip 1 . 
[0072] Having controlled the nozzle 42 so as to 
move to a location above the component recognition 
unit 50 as illustrated in FIG. 8, the control circuit 95 initi- 
ates a component recognizing process for detecting 
how much the posture and position of the to-be- 
mounted component held by the nozzle 42 deviate from 
the correct posture and position. 

[0073] Firstly the control circuit 95 applies voltages 
to the LEDs 54, 55 and 57 to light them up as illustrated 
in FIG. 9. Since the distal ends of the LEDs 54, 55 and 
57 have been trimmed as mentioned previously, light 
rays are emitted in the state of being diffused moder- 
ately from the LEDs 54, 55 and 57. 
[0074] Some of the light rays emitted from the LEDs 
54, 55 and 57 are further diffused while passing through 
the diffusion plate 58. 

[0075] Since the first cylindrical member 52 covers 
those parts of the LEDs 57 which face the camera 65, 
no light is emitted toward the camera 65 from the LEDs 
57. The light emitted from the uncovered parts of the 
LEDs 57 is radiated onto the to-be-mounted component 
throughout the whole circumference thereof. 
[0076] The light rays diffused from the LEDs 54, 55 
and 57 travel with being reflected at various angles and 
in various directions by the mirror-like inner surface of 
the first cylindrical member 52, while maintaining sub- 
stantially the same intensity as that when emitted. 
[0077] Thus, the light rays having a high directivity 
are radiated uniformly onto the semiconductor chip 1 . 
The light rays reflected from the semiconductor chip 1 
enter the camera 65. 

[0078] The control circuit 95 instructs the camera 



65 to photograph the to-be-mounted component. The 
camera 65 takes in the light reflected from the semicon- 
ductor chip 1 and performs the photoelectric conversion 
of the light, thus taking in an image of the semiconduc- 
5 tor chip 1 . Thereafter, the camera 65 supplies the image 
to the control circuit 95. 

[0079] Employing a technique such as pattern 
matching or the like, the control circuit 95 compares the 
image of the semiconductor chip 1, supplied from the 

10 camera 65, with the correct image of the semiconductor 
chip 1 which has been stored in advance in the storage 
circuit 90. By this comparison, the control circuit 95 
detects any positional deviation Ax, Ay posture (rota- 
tional angle 0 ) and any defect in the held semiconduc- 

15 tor chip 1. 

[0080] In the case where the control circuit 95 has 
detected any defect in the semiconductor chip 1 , the 
control circuit 95 disposes the semiconductor chip 1 in a 
collecting box arrangedjn a predetermined position. 

20 [0081] In the case where the control circuit 95 has 
detected no defect in the semiconductor chip 1 , the con- 
trol circuit 95 rotates the rotational motor 44 cancel the 
rotational angle 0. Then, the control circuit 95 corrects 
the position of the nozzle 42 by the amount — Ax, — Ay 

25 relative to the target position, and thereafter mounts the 
semiconductor chip 1 on the substrate 2 (in actual fact, 
the correction of any positional deviation of the sub- 
strate 2 is also performed, but its explanation will not be 
made herein to facilitate understanding, because such a 

30 correction is not directly connected with the present 
invention). 

[0082] According to the component mounting appa- 
ratus 100 structured as above, the to-be-mounted com- 
ponent can be mounted in the appropriate position on 

35 the substrate 2, regardless of any positional deviation 
and rotation occurring at the time of the suction. 
[0083] Furthermore, since a large number of LEDs 
54, 55 and 57, having the trimmed distal ends and form- 
ing the light sources of the illuminators 51 , are arranged 

40 in the circumferential direction, the light emitted from the 
LEDs 54, 55 and 57 is diffused over a wide region. 
[0084] Moreover, because the inner surface of the 
first cylindrical member 52 is a mirror-like surface, the 
light emitted from the LEDs 54, 55 and 57 travels while 

45 being reflected on the inner surface of the first cylindri- 
cal member 52, and is uniformly radiated with a high 
directivity onto the to-be-mounted component. This per- 
mits the camera 65 to take an image in which the con- 
trast between the semiconductor chip 1 and its 

so background (any areas other than the semiconductor 
chip 1 within the scope of the camera 65, for example, 
the lower surfaces of the work head 41 and the nozzle 
42) is high. Further, the images of the electrodes are 
clear and clearly distinguishable from their surrounding 

55 areas. 

[0085] FIG. 10 exemplifies an image photographed 
by the camera 65 while the semiconductor chip 1 of 
BGA type, in which a large number of ball-shaped elec- 
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trades have been formed on the lower surface of the 
chip, Is being illuminated with the light emitted from the 
illuminators 51. 

[0086] According to the illuminators 51 of this 
embodiment the light emitted from the LEDs 57 5 
arranged in a circle is radiated onto the semiconductor 
chip 1 throughout the whole circumference of the chip 1 , 
as shown in FIG. 9. Unnecessary light reflected from 
below is cut off by virtue of the covering of those parts 
of the LEDs 57 which face the camera. Furthermore, io 
the ball-shaped electrodes 1a are photographed by the 
camera 65 in the state wherein they are glistening annu- 
larly (in a doughnut shape). In the case where one ball- 
shaped electrode has a damaged/broken part, the dam- 
aged/broken part appears as a shadow in a photograph, is 
Thus, the presence or absence of any damaged/broken 
part, as well as the presence or absence of the ball- 
shaped electrodes, can be easily detected in addition to 
the position and posture of the semiconductor chip. 
[0087] In order to confer the appropriate directivity 20 
on the illumination light, it is preferred that the ratio of 
the diameter (inner diameter) of the first cylindrical 
member 52 to the length thereof be about 3/1 2 to 1 0/1 2, 
for example; more desirably about 5/12 to 10/12, and 
more preferably about 7/12 to 9/12. It is also preferred 25 
that: the LEDs 52 be located at the upper end of the first 
cylindrical member 52; the LEDs 54 be located in a 
slightly higher level than an imaginary plane which 
halves the first cylindrical member 52 perpendicularly to 
the axis of the first cylindrical member 52; the LEDs 52 30 
be located on the bottom 53; and the diffusion plate 58 
be located between a group of LEDs 54 and a group of 
LEDs 52. 

[0088] The data shown in FIG. 10 has been 
attained under the conditions wherein the first cylindri- 35 
cal member 52 was formed from an aluminum plate 
having relatively flat surfaces, and the ratio of the diam- 
eter to length of the first cylindrical member 52 was set 
at approximately 8/12. (More specifically, the inner 
diameter and length of the first cylindrical member were 40 
approximately 4 cm and 6 cm, respectively. The LEDs 
57 were located approximately 4 cm away from the 
upper end of the first cylindrical member. The LEDs 54 
were located approximately 25 cm away from the upper 
end of the first cylindrical member. The LEDs 52 were 45 
located on the bottom 53. The diffusion plate 58 was 
employed). 

[0089] According to the illuminators 51, since the 
second cylindrical member 56 is detachable from and 
engageable with the first cylindrical member 52, the so 
maintenance of the illuminators 51 is easy. Further- 
more, the structure of the illuminators 51 is simple 
because the LEDs 57 serve also as a buckle. 
[0090] The present invention is not limited to the 
above-described embodiment and various modifica- 55 
tions and applications are possible. For example, the to- 
be-mounted component 1 may be a semiconductor chip 
with solder plated lead, as illustrated in FIG. 1 1 . And the 



structure of the nozzle 42 is not limited to the one dis- 
closed in FIGS. 6A and 6B, as illustrated in FIG. 11. In 
the case where the to-be-mounted component 1 is a 
semiconductor chip with solder plated leads, the nonu- 
niformity of brightness is prevented from occurring at 
any curved portions of the leads, as shown in FIG. 12. 
The to-be-mounted component 1 may be a semicon- 
ductor chip with leads having such a shape as that illus- 
trated in FIG. 13. 

[0091] Alternatively, the to-be-mounted component 
may be any one of electronic chips other than a semi- 
conductor chip, or may be any one of chip-like parts 
other than the electronic chips. Furthermore, the mount- 
ing target is not limited to the semiconductor substrate. 
[0092] The light sources of the illuminators 51 are 
not also limited to three groups of LEDs 54, 55 and 57. 
For example, two groups of LEDs excluding the group of 
LEDs 57 may be adopted. Alternatively, four groups of 
LEDs may be employed. The arrangement of the LEDs 
is also arbitrary, and the LEDs "may be arranged in ran- 
dom positions, or may be arranged vertically (in parallel 
with the axis of the first cylindrical member 52). 
[0093] Furthermore, the light sources are not lim- 
ited to the LEDs which emit red light, and may emit light 
in any other color. Alternatively, the light sources may be 
light emitters other than the LEDs. For example, a flexi- 
ble EL (electroluminescent) panel may be adhered to 
the inner surface of the first cylindrical member 52 so 
that the entire inner surface can be used as a light 
source. Alternatively, the flat plate member 53 may 
comprise the EL panel. 

[0094] Furthermore, a cross section of the first 
cylindrical member 52 is not limited to a circular cross 
section, and may be any other shape. The first cylindri- 
cal member 52 may be rectangular in cross section. 
[0095] According to the present invention, as 
described above, the to-be-mounted component is 
appropriately illuminated with light. Moreover, the accu- 
racy of detection of the position and posture of the to- 
be-mounted component is improved. 
[0096] This application is based on Japanese Pat- 
ent Application No. H10-290491 filed October 13, 1998, 
including specification, claims, drawings and summary. 
The disclosure of the above Japanese Patent Applica- 
tion is incorporated herein by reference in its entirety. 

Claims 

1. An illuminator for illuminating a to-be-mounted 
component with light, characterized by comprising: 

light sources (54, 55, 57); and 
a reflector (52) including a cylindrical member 
(52) with a mirror-like inner surface by which 
light emitted from said light sources is reflected 
and radiated onto the to-be-mounted compo- 
nent (1). 
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2. The illuminator according to claim 1 , characterized 
in that 

the inner surface of said cylindrical member 
(52) reflects the light emitted from said light 
sources (54, 55, 57) and radiates light having a 
directivity, onto the to-be-mounted component 
(1). 

3. The illuminator according to claim 1 or 2, character- 
ized in that 

said cylindrical member (52) leads, to the to- 
be-mounted component (1), the light emitted 
from said light sources, while reflecting the light 
by said inner surface; and 
said light sources are arranged inside said 
cylindrical member (52) and emit light in an 
inner space defined by said cylindrical member 
(52). 

4. The illuminator according to claim 1 ,2 or 3, charac- 
terized in that 

said cylindrical member (52) has a first end and 

a second end; and 

said light sources include 

first light sources (57) forming a first light 
source group and arranged at the first end 
of said cylindrical member which is closer 
to the to-be-mounted component than the 
second end of said cylindrical member, 
second light sources (54) forming a sec- 
ond light source group and arranged at the 
second end of said cylindrical member, 
and 

third light sources (55) forming a third light 
source group and arranged between the 
first and second ends of said cylindrical 
member. 

5. The illuminator according to claim 4, characterized 
in that 

said cylindrical member (52) is circular in cross 
section; and 

said first, second and third light sources are 
arranged in a circumferential direction of said 
cylindrical member (52). 

6. The illuminator according to claim 4 or 5, character- 
ized in that 

said cylindrical member (52) covers parts of 
said first light sources (57) which face the sec- 
ond end of said cylindrical member (52), in 
order to prevent light from being emitted toward 



the second end of said cylindrical member (52) 
from said first light sources (57). 

7. The illuminator according to claim 4, 5 or 6, charac- 
5 terized in that 

said cylindrical member (52) has a bottom 
which covers at least a part of an opening at 
the second end of said cylindrical member; and 
10 said second light sources (54) are arranged on 

said bottom. 

8. The illuminator according to claim 4, 5, 6 or 7, char- 
acterized in that a diffusion member (58) in a form 

15 of a flat plate, which diffuses light emitted from said 
second light sources (54), is arranged almost per- 
pendicular to an axis of said second cylindrical 
member (52) and between the first light source 
group comprising said second light sources (54) 

20 and the third light source group comprising said 
third light sources (55). 

9. The illuminator according to one of claims 4 to 8, 
characterized in that said first light sources (57) are 

25 detachably arranged at said reflector (52). 

10. The illuminator according to one of claims 4 to 9, 
characterized in that at least one of the first light 
source group comprising said first light sources, the 
second light source group comprising said second 
light sources and the third light source group com- 
prising said third light sources is a group of LEDs 
having distal ends trimmed to emit diffused illumi- 
nation light. 

11. The illuminator according to claim 1, characterized 
in that 

said light sources include 

first light sources (57) forming a first light 
source group and arranged in a circle at the 
upper end of said cylindrical member (52); 
second light sources (54) forming a second 
light source group and arranged in a circle at 
the lower end of said cylindrical member (52); 
and 

third light sources (55) forming a third light 
source group and arranged in a circle between 
the upper and lower ends of said cylindrical 
member. 

12. A component mounting apparatus comprising a 
head (41) and illuminators (51), and which causes 
said head (41 ) to suck up and hold a to-be-mounted 
component (1), causes said illuminators (51) to illu- 
minate the to-be-mounted component with light 
detects a posture and position of the to-be-mounted 
component, controls said head (41) in accordance 
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with the detected posture and position of the to-be- 
mounted component, and mounts the to-be- 
mounted component held by said head in a prede- 
termined position, characterized in that 
each of said illuminators (51) comprises: 

light sources (54, 55, 57); and 
a reflector (52) including a cylindrical member 
(52) with a mirror-like inner surface by which 
light emitted from said light sources is reflected 
and radiated having a predetermined directivity 
onto the to-be-mounted component (1). 

13. The component mounting apparatus according to 
claim 1 2, characterized in that 

said cylindrical member (52) has an upper end 
and a lower end; and 
said light sources include 

first light sources (57) forming a first light 
source group and arranged in a circle at 
the upper end of said cylindrical member 
(52); 

second light sources (54) forming a sec- 
ond light source group and arranged in a 
circle at the lower end of said cylindrical 
member (52); and 

third light sources (55) forming a third light 
source group and arranged in a circle 
between the upper and lower ends of said 
cylindrical member. 

14. The illuminator according to claim 12 or 13, 
wherein: 

said head comprises a nozzle (42), 
said nozzle comprises a conic reflector which 
reflects lights, which are irradiated onto said 
nozzle by said illuminator, so that the direction 
of the reflected lights differs from the direction 
from said illuminator to said reflector. 
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16. The illuminating method according to claim 15, 
characterized in that 

said cylindrical member (52) leads, to the to- 
be-mounted component (1), the light emitted 
from said at least one light source (54, 55, 57), 
while reflecting the light by the inner surface of 
said cylindrical member (52); and 
said at least one light source (54, 55, 57) is 
arranged inside said cylindrical member (52) 
and emits light in an inner space defined by 
said cylindrical member (52). 



15. An illuminating method for illuminating a to-be- 
mounted component (1), sucked up and held by a 
head (41) of a component mounting apparatus 
(100), with light emitted from illuminators (51), in 
order to recognize a posture and position of the to- 
be-mounted component through use of a camera 
(65), characterized in that said method comprises 
the steps of: 

reflecting light emitted from at least one light 
source (54, 55, 57) by a mirror-like inner sur- 
face of a cylindrical member (52); and 
radiating the light reflected having a directivity 
by the inner surface of said cylindrical member 
(52), onto the to-be-mounted component (1). 



45 



50 



55 



10 



SDOCID: <EP 0994646A1J_> 




3NSDOCID: <EP 0994646A1 I > 



EP 0 994 646 A1 




EP0 994 646 A1 




3NSDOCID:<EP 0994646A1 I > 



EP 0 994 646 A1 




FIG. 4 



3NSDOCID:<EP nS34fi4fiA1 I > 



14 



EP 0 994 646 A1 



51 



53a 




FIG. 5A 




FIG. 5B 



15 



EP 0 994 646 A1 




45c 

FIG. 6A 




45b 

FIG. 6B 



16 



EP0 994 646 A1 



Ol 

o 



CM, 



CD 















<§ 




SO 





















Ob 

On 



CO, 



n5 



CD 



UJ 



5 s 

a: 



BNSDOCID:<EP 0994646A1 I > 



17 



EP0 994 646 A1 




3NSDOCID: <EP__ 0994646A1 I > 



EP0 994 646 A1 




EP 0 994 646 A1 




FIG. 10 



NSDOCID: <EP 0994646A1_I_> 



20 



EP0 994 646 A1 




FIG. 11 



21 



EP 0 994 646 A1 



1 1 




FIG. 12 



NSDOCID:<EP 0994646A1 I > 



22 



EP 0 994 646 A1 




EP 0 994 646 A1 




FIG. 14B 



24 



EP 0 994 646 A1 



1 1 




FIG. 15 



3NSDOCID: <EP 0994646A1J_> 



25 



EP 0 994 646 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 11 9950 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



A 
A 



PATENT ABSTRACTS OF JAPAN 

vol . 1995, no. 10, 

30 November 1995 (1995-11-30) 

& JP 07 174532 A (CITIZEN WATCH CO LTD), 

14 July 1995 (1995-07-14) 

* abstract * 



PATENT ABSTRACTS OF JAPAN 
vol . 1998, no. 06, 

30 April 1998 (1998-04-30) 

& JP 10 048504 A (COPAL CO LTD), 
20 February 1998 (1998-02-20) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 017, no. 583 (E-1452), 

22 October 1993 (1993-10-22) 

& JP 05 175697 A (SANYO ELECTRIC CO LTD), 

13 July 1993 (1993-07-13) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol . 1998, no. 04, 

31 March 1998 (1998-03-31) 

& JP 09 321494 A (YAMAHA MOTOR CO LTD), 
12 December 1997 (1997-12-12) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 148 (E-1522), 

11 March 1994 (1994-03-11) 

& JP 05 327292 A (SANYO ELECTRIC CO LTD), 

10 December 1993 (1993-12-10) 

* abstract * 

-/-- 



1,2,12, 
15 



3-5,7-9, 
11,13,16 

3-5,7-9, 
11,13,16 



12,15 

1,3-5, 
12,13, 
15,16 



1,12,15 



H05K13/08 
G01N21/88 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



H05K 

G01N 
G01B 
H01L 
G06T 



1,7,8, 
12,15 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Date of completion of the search 

29 December 1999 



Examiner 

Verdoodt, E 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant rf combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or princple underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document citod in tho application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



26 



0994646A1_I_> 



EP 0 994 646 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 11 9950 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



PATENT ABSTRACTS OF JAPAN 

vol . 1998, no. 02, 

30 January 1998 (1998-01-30) 

& JP 09 282444 A (MATSUSHITA ELECTRIC IND 

CO LTD), 31 October 1997 (1997-10-31) 

* abstract * 

-& US 5 923 772 A (S.FUKUDA ET AL) 
13 July 1999 (1999-07-13) 

* abstract * 

* figure 1 * 



14 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Date of completion of the search 

29 December 1999 



Examiner 

Verdoodt , E 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



27 



BNSDOCID: <EP 0994646A1 _l_> 



EP 0 994 646 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 11 9950 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

29-12-1999 



Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 


JP 07174532 


A 


14-07-1995 


NONE 






JP 10048504 


A 


20-02-1998 


NONE 






JP 05175697 


A 


13-07-1993 


JP 


2664576 B 


15-10-1997 


JP 09321494 


A 


12-12-1997 


NONE 






JP 05327292 


A 


10-12-1993 


NONE 






JP 09282444 


A 


31-10-1997 


CN 


1168513 A 


24-12-1997 



US 5923772 A 13-07-1999 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



28 



_0994646A1J_> 



